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Chapter 2
Future Climate Projections in Africa: 
Where Are We Headed?
Evan Girvetz, Julian Ramirez-Villegas, Lieven Claessens, Christine Lamanna, 
Carlos Navarro-Racines, Andreea Nowak, Phil Thornton,  
and Todd S. Rosenstock
2.1  Introduction
Farmers in Africa—like those across the globe—face rising temperatures and more 
extreme weather associated with climate change (Snyder 2016; IPCC 2012). Much of 
Africa’s vulnerability to climate change lies in the fact that its agricultural systems 
remain largely rain-fed, with few technological inputs. The majority of Africa’s farmers 
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work on a small-scale or subsistence level, with their opportunities limited by persistent 
poverty, lack of access to infrastructure and information, and challenges related to policy 
and governance. Climate change is expected to have major negative impacts on the 
livelihoods and food security of such farmers. Governments and development profes-
sionals must confront the challenge of helping them to adapt (Shackleton et al. 2015).
This paper offers a general overview of historical climate change in Africa, and 
in particular how it has already led to rising temperatures and increased rainfall vari-
ability. It then examines the models that provide projections—with varying levels of 
certainty—of what climate change will mean for farmers across eastern and south-
ern Africa in the coming decades (ESA).
The paper also highlights the strengths and limitations of the available information 
regarding the effects of climate change. Adapting to climate change requires better projec-
tions of the specific climate hazards that will be faced at the national, regional and local 
levels (Challinor et al. 2007; Muller et al. 2011). In particular, implementation of climate-
smart agriculture (CSA) projects has been constrained by the lack of information on the 
best responses in specific regions. There are serious gaps in observed historical weather 
data at the local level across the continent, and the continuing collection of such data still 
lags far behind where it should be. Strengthening the database of observed weather is criti-
cal to understanding the changes that have occurred already, to project future changes and 
their impacts, and to plan appropriately to address them. Once collected and analyzed, 
climate data must be communicated in ways that help development practitioners and 
decision- makers understand climate impacts in specific places. Good tools are available, 
but practitioners at the local level must have the access and training to use them.
Much work remains to be done. However, given that the impacts of climate 
change are already being felt on the ground, it is imperative that adaptation begins 
immediately. Even in places where projections are uncertain, steps can be taken 
right now to implement CSA practices and make farmers more resilient in the face 
of climate change.
2.2  Past and Present: Evidence Africa’s Climate Has Already 
Changed
There is clear evidence that average temperatures have become warmer across the 
globe. In Africa these changes became apparent starting in about 1975, and since 
then temperatures have increased at a rate of about 0.03 °C per year (NOAA 2018; 
Hartmann et al. 2013). In those regions of Africa for which data are available, most 
have also recorded an increase in the incidence of extreme temperatures as well as 
longer heat waves (Seneviratne et al. 2012).
Historic variability can provide useful context for understanding climate change. 
Climate variability can be thought of as a bell curve, with weather in any given year 
most likely to cluster around the average (the top of the bell) and extremes of 
 temperature or precipitation occurring less often (the flatter parts of the curve). 
Climate change can shift both the mean and the overall shape of the bell curve, often 
flattening it out because of the rising frequency of extremes (Kirtman et al. 2013). 
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Records are constantly being broken: in Africa 19 of the past 20 years have been 
hotter than any previous year on record. The new normal for temperature is hotter 
than ever experienced in the recorded past.
Historic precipitation patterns show that much of Africa is drying (Hartmann 
et al. 2013, Fig. 2.1). West Africa and parts of southern Africa, particularly Zambia 
Fig. 2.1 Historical changes in precipitation from 1951 to 2010 (From Niang et al. 2014). The map 
has been derived from a linear trend. Areas with insufficient data are marked as white, solid colors 
indicate statistically significant trends at 10% level, and diagonal lines indicate areas where trends 
are not statistically significant
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and Zimbabwe, show rapid and statistically significant decreases in precipitation. 
By contrast, South Africa and limited parts of East and North Africa have experi-
enced increased rainfall. At the same time, increased temperatures are leading to 
higher rates of evapotranspiration, which produces drier soil conditions (Girvetz 
and Zganjar 2014). Evaporative stress consistently increased in Zambia between 
2001 and 2017 (Fig. 2.2). Even in the face of increasing precipitation, it is possible 
for the aridity of soils to increase. In southern Africa from 1961 to 2000, an increas-
ing frequency of dry spells was accompanied by an increase in the intensity of daily 
rainfall, which has implications for runoff (New et al. 2006).
2.3  Future: Climate Model Projections for Africa
General circulation models (GCMs) provide the most straightforward and scientifi-
cally accepted way to project future climate conditions. However, climate-change 
simulations performed with GCMs are only possible at coarse resolutions (typically 
50–100 km grid cells) that are not detailed enough to assess regional and national 
impacts. Agricultural livelihoods, soils and local climatic conditions vary vastly at 
much smaller spatial scales. Spatial downscaling techniques can and should be used 
to bring these coarse scale maps down to a finer resolution.
Despite their limitations, GCMs are the most commonly used tool to analyze 
changes in climates at a variety of spatial scales. The latest GCMs available—the 
Coupled Model Intercomparison Project Phase 5 (CMIP5)—suggest that tempera-
ture increases for Africa with the current emissions trajectory (i.e. RCP 8.5) is 
1.7 °C by the 2030s, 2.7 °C by the 2050s, and 4.5 °C by the 2080s (Fig. 2.3). Even 
under the lowest greenhouse gas emissions scenario, by 2030 the climate average is 
Fig. 2.2 Historic time 
series for evaporative stress 
in Zambia during 
2001–2017, showing a 
highly significant 
(p < 0.001) increase during 
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projected to be completely different from what has ever been experienced histori-
cally (Girvetz et al. 2009, climatewizard.ciat.cgiar.org).
Future precipitation is much more difficult to model (Sillmann et  al. 2013; 
Ramirez-Villegas et al. 2013). The median of the CMIP5 models indicates that by 
2050, under the higher emission scenario (RCP 8.5, Fig. 2.4), annual precipitation 
will increase across much of eastern and central Africa, while decreasing across 
parts of southern, western and northern Africa (Fig. 2.4). Increases of over 200 mm 
and more than 25% annually are shown in some places, as well as decreases of over 
100 mm and more than 20% in other places. Not all climate models agree on the 
magnitude or even direction of change. However, there are some places with high 
agreement among the climate models: over 80% of the climate models agree on 
decreased precipitation in the future for some parts of northern and southern Africa 
(Niang et al. 2014).
Precipitation is also projected to change differently in different months, with 
alterations to the onset, length and cessation of the growing season. For example, in 
Tanzania precipitation is projected to increase during the middle of the wet season 
(November–May) and to decrease at the wet season’s beginning (September–
October) and end (May–June) (see http://climatewizard.ciat.cgiar.org/SBSTA/
Africa_2050/). Overall precipitation is projected to increase, but within a shorter 
time frame, indicating both shortening of the rainy season and an increased fre-
quency of extreme precipitation events.
Even in areas experiencing increased precipitation, crop production systems can 
be affected by worsening water stress. Depending on the timing of rainfall, the 
amount of the temperature increase, and the changes in cloud cover (and hence in 
Fig. 2.3 Projected changes in annual mean temperature (in °C) and total annual precipitation (in 
percentage) for the African continent as projected by 33 general circulation models (GCMs) of the 
CMIP5 model ensemble under RCP 8.5 and three different time periods. Thick black horizontal 
lines represent the median, boxes show the interquartile range, and whiskers represent the 5–95th 
percentiles of the data
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Fig. 2.4 Projected changes in total annual precipitation by 2050 (top left), climate model agree-
ment (top right), and average change in precipitation and temperature, by country (bottom)
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incoming shortwave radiation), many places are likely to have less available water 
both in streams and in the soil, because warmer temperatures will cause more water 
to evaporate directly from the soil or to be transpired through plants (Girvetz and 
Zganjar 2014).
Changes to temperature and precipitation have immediate implications for food 
production and security across the continent (Niang et al. 2014; Porter et al. 2014; 
Muller et al. 2011; Rosenzweig et al. 2014). Current growing areas of maize and 
beans are projected to experience yield reductions of 12–40% by the 2050s. The 
climate suitability of most major crops is also projected to shift as climate warms 
(Rippke et al. 2016; Zabel et al. 2014). Ramirez-Villegas and Thornton (2015) have 
shown that two of Africa’s staple crops—maize and beans—are projected to have 
severe decreases in suitability across much of the continent (Fig. 2.5). Increasing 
atmospheric levels of carbon dioxide is likely to affect the nutrient content of plants, 
resulting in serious protein and micro-nutrient cold spots in parts of sub-Saharan 
Africa (Medek et al. 2017; Myers et al. 2014, 2015a, b). This poses a serious 
Fig. 2.5 Projected median changes in climatically suitable area and productivity by 2050s and 
RCP8.5, relative to a historical period (1970–2000). Median values given are based on ensemble 
simulations of niche and productivity models, and therefore should be interpreted in light of asso-
ciated uncertainties. Livestock productivity refers to annual net primary productivity (ANPP) of 
rangelands (a proxy for livestock productivity), rather than to a direct measure of meat or milk 
productivity. (Source: Dinesh et al. 2015)
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concern for food security and nutrition. While adaptation in the short- and mid-term 
may help some areas to continue growing these crops, by the end of the century it is 
estimated that over 30% of the area where maize is grown and over 60% of the area 
where beans are grown would need to grow entirely different crops (Rippke et al. 
2016).
Some crops are much more resilient than maize and beans to changes in climate. 
In southern Africa, Ramirez-Villegas and Thornton (2015) showed that the suitable 
area for beans decreased greatly and maize decreased slightly, whereas other 
crops—banana, yam and pearl millet—increased in range. Similar results were 
found in East Africa, where maize and beans are projected to experience major 
decreases in suitable area, whereas cassava, groundnut, pearl millet and banana are 
projected to increase. These more resilient crops could be promoted as replacement 
options for areas that require adaptation.
Under climate change, pressures from pests, weeds and diseases are also expected 
to increase. In the highland regions of East Africa, warming trends could lead to the 
expansion of crop pests—such as the coffee berry borer—into previously cold- 
limited areas (Jaramillo et al. 2011). Threats to banana production could come from 
range expansion of burrowing nematodes (Nicholls et al. 2008) and black leaf streak 
disease. Striga weed, a major cause of cereal yield reduction in sub-Saharan Africa, 
could become a more widespread problem because of changes in temperature, rain-
fall and seasonality (Niang et al. 2014). By contrast, climate change may reduce the 
range of major cassava pests including whitefly, cassava mealybug, cassava brown 
streak virus and cassava mosaic geminivirus (Jarvis et al. 2012). However, certain 
areas of current cassava production—including Southeast Africa and Madagascar—
may see an increase in whiteflies, mites and mealybugs (Bellotti et al. 2012). In the 
case of livestock, changes in temperature and rainfall could increase the suitability 
of the main tick vector of East Coast fever across much of Southern Africa (Olwoch 
et al. 2008).
2.4  Implications for Development
2.4.1  Adapting African Agriculture to Climate Change
African agriculture must adapt in order to ensure food and nutritional security. 
Management adjustments and crop breeding will be critical in the short- and mid- 
term, whereas at longer timescales planned transformations will likely be necessary 
(Rippke et al. 2016; Rickards and Howden 2012). Farmers and agricultural service 
providers—input suppliers, extension, financial services, safety net programs, 
etc.—will need to become resilient to new climate variability.
Although there is uncertainty in future climate projections, we have a great deal 
of solid information regarding how climate is already changing and the types of 
impacts farmers will need to address into the future. It is certain that temperatures 
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are rising and will continue to rise at a rapid pace. Although climate models often 
do not agree on precipitation changes, there is considerable agreement on the trends 
in some locations. Moreover, precipitation is becoming more extreme in many 
places, often resulting in too much rain, too little rain, or rain that falls at the wrong 
time. A location might experience more overall rain during the growing season, but 
if it falls intensively in the beginning or middle of the season, the end of the season 
might be too dry, especially as hotter temperatures dry out soils. A single location 
might experience increased flooding during the middle of the rainy season and 
increased aridity later. This situation creates a need for crop varieties that can with-
stand waterlogging, help prevent erosion from heavy rains, and reach maturity dur-
ing a shorter growing season.
Recent studies show that the types of management practices beneficial for adap-
tation and increased productivity are highly varied (Challinor et al. 2014; Lamanna 
et  al. 2016). For instance, a recent review and meta-analysis of field studies in 
Uganda and Tanzania found more than 20 practices in each country that could 
improve adaptation and productivity, each with varying effectiveness depending on 
the farming system and site in question. The use of fertilizers (both organic and 
inorganic) and water saving techniques generally have the largest positive effects on 
crop productivity (Lamanna et al. 2015). Similar findings have been reported else-
where in Africa (Rosenstock et al. this volume).
Improving the available crop varieties is a key mid-term strategy to increase 
productivity, improve production stability and adapt to projected climate changes. 
For example, although climate change will hurt bean production across Africa 
(Rippke et al. 2016; Ramirez-Villegas and Thornton 2015), heat-tolerant bean vari-
eties could greatly reduce the impact (CIAT 2015). Current work on inter-specific 
crosses between common and tepary bean show promise for creating breeding lines 
that maintain yield under heat stress (CIAT 2015). Similarly, drought-tolerant vari-
eties of maize could be an option for adaptation to reduced or inconsistent rainfall 
(Cairns et al. 2013; Rippke et al. 2016).
In the long-term, planned transformations will be required for some areas. 
Rippke et al. (2016) report that some 3–5% of the arable land of sub-Saharan Africa 
may require a transformation out of crop-based systems to either livestock-based 
systems or to an entirely new land use.
2.4.2  Collecting and Using Climate Data
Historical data and climate projections clearly establish the need to act quickly to 
help African farmers adapt to a changing climate. Too often, however, CSA inter-
ventions are being promoted without a proper understanding of the climate risks for 
the specific areas involved. In some cases, reliable information on tightly focused 
geographical areas simply has not been collected. And even when good information 
is available from climate models and impact studies, often this information is not 
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presented in ways that are accessible and comprehensible for those doing the CSA 
planning and implementation.
Although historic climate trends can be identified across the African continent, 
there is a general lack of high-resolution data, including for key biomes and agricul-
tural areas (white areas in Fig. 2.1 showing insufficient data). Some national meteo-
rological agencies have made efforts to improve the information available by, for 
example, combining weather-station information with satellite imagery to create 
high-resolution gridded historical time-series climate datasets (Dinku et al. 2016). 
Overall, though, there remains a lack of precise information for decision-making. 
Weather-station record keeping has declined over the past decades due to lack of 
maintenance and a failure to install new stations. This trend must be reversed. 
Increasing the available data on observed weather across the continent is critical to 
understanding the changes that have occurred already, to predict future changes, and 
to plan appropriately to address them.
Even as new data are collected, development practitioners and decision-makers 
should make use of the information and tools now available to help them understand 
the climate context. CMIP5 projections are freely available through the Climate 
Wizard, a web application that allows anyone to easily query and map downscaled 
future climate change projections for specific places globally (ClimateWizard.org). 
Similarly, the Servir ClimateServ allows for easy online analysis and querying of 
historic observed precipitation, vegetation greenness and moisture stress, as well as 
seasonal forecasts looking forward in the short-term for most of the globe (climate-
serv.servirglobal.net/). More training is needed to help those implementing CSA 
learn how to access and use these tools. Such training should include profiling of 
CSA opportunities, prioritization of investment portfolios, design and implementa-
tion of CSA projects, and assessing the results of CSA projects (Girvetz et al. 2017).
In conclusion, we would like to emphasize these key points:
• The climate has already changed, with temperatures continuing to rise and pre-
cipitation patterns changing, and more disruption is certain in coming years and 
decades.
• The collection of weather observations at local weather stations must improve, 
and should be incorporated with satellite data.
• Climate data and tools are available and accessible to practitioners. More effort, 
however, should be put into disseminating this information and ensuring that 
development practitioners understand how it can be used for CSA planning and 
implementation.
• Given the uncertainties surrounding exactly how climate change will affect spe-
cific places, the best CSA options are those that build resilience and help farmers 
cope with a wide range of climate risks, especially heat, drought, erosion and 
flooding.
Farmers are already suffering from the effects of climate change. Average tem-
peratures are rising, rainfall is becoming less predictable, and extreme weather 
events are growing more common. The situation poses a real and ever-increasing 
threat to rural livelihoods and food security. Government, civil society and the pri-
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vate sector must work together urgently to collect and analyze climate information, 
make it accessible to decision-makers on the ground, and to ensure that CSA plan-
ning and implementation are carried out based on the best information available.
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